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Abstract 


The threshold current of a 780-nm band InGaAsP well layer semiconductor laser device is low&period; The well layer is made of 
InGaAsP the P composition of which is 0&period;51 less than 0&period;55 to prevent spinodal decomposition in growing 
InGaAsP&period; The well layer is subject to compressive strain of o&period;65% less than 1% and greater than 0&period;25% to 
reduce the threshold current&period; Thus&comma; a 780-nm wavelength band InAsGaP well layer semiconductor laser device is 
produced in which degradation of the active region &lpar;15&rpar; is prevented and the threshold current is reduced&period; 
Therefore the laser device can operate for a long time even in outputting high power of 1 00 mW or greaterfi. period; A tensile strain 
of -1&period;2% is introduced into the barrier layer in the active region &lpar;15&rpar; thereby to compensate the stress due to the 
compressive strain of the well layer& period; As a result the reliability during high output is further increased&period; 
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(%) 

[ii^3S2 ] m&m i cie«^¥^«c «r*^ t*j 

JJe#FWO«***Uy*\fcJE r [{a(well)-a(Ga 
As)>/a(GaAs)] X 1 0 0 j 0.2 5%J:9 

±I^F«OV^7cS4>lc*5ftS PiffljS;£air$-Jtf2x 
<7)jIJi, 0. 5 0 J:Ot/h$V^fc £^fai:-f &¥3Sffc 

[ tf*3S4 ] t»*js i nrnrnxm. 3 tcie 
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D/M DlfOjfrf -f * 9 ftmT'cn t •/ ^ r y ^ffl^^ 

rfg^tCiJV%T<i, n - GaAs* 

^J:(C. n - Al GaAs? v v KS. Al GaAs?£tt/I. p 

- AlGaAs?9>y h'JI, P - GaAs3V?i? hJf £IS»: 

<rcpJ:3=5:^3t<7)^-tc{i:, JSttJf <=aitc*£-£A,-c 
(g (Catastrophic Optical Damage: COD)^f3|# 

A 1 £ -£t* Jf l;r is v tt^ilfii^S fufc^SiSg® 
KlMWc J: S^f^t^^^ffi* 1 ^®:^^ as Z t iz 
ift. AlGaAs^^ttl — 

»t* WfcSttJifc ■fcZ/^JUfflc^I A 1 7 'J —ft 

[0 003] £OJ:3*A17U-te3ilJfc#«Wttt'— 
-TSR^t LT> ^SBT 1 1-2202 4 4 -^ffitCEB* 

^§5-09 (C^-r. GaAsS^l±(C, p - Al GaAs 
TgP?7-y h'Jf 2, i - InGaAsPTSP***^ FJB3. 
te^XJi- 0 . 3 %JaT<75?l3gMSrM-rS 1 I nGa 
AsP#FJ!t3l3gS£S-r& 2J1«7) I nGaAsP^MJf 
i: £3c5:£1SJ! ^M^f #FvStt^4 , i - 

I nGaAsP±g|5^*'>f h'« 5 , n - AlGaAs±SP^ 1 

- AlGaAsiLg|5|g2?9-/ KJlStSit/n - GaAs3 

v??ba9^. z<7>mt<zmmzixx&f$.zixx\ l ->&. 

•€-UT. a:-yf-^^xh-/7-^7c7)iiJitJigC^2?5 
■/ Hil8*>i^3>'?r5' M9-C*S l/'y^h?^ 

[0 0 04] ;c0'j7^h7-<rSJgii s &3#2. 

flBf T'iKl 3 AtmT'& * . ±JB 'J -y ^h5-f TlijS^fe 

ft&M{Kfflt=<i*e^M i o t lx sio tm&mmzixx 

S^-Ji, vge«^fcL-TAlS-^^^:V^J|EJSrfflV^i 
CODls<)l>&tiil±ZltX\,^&. 

[ooo5]ia§. mzmco^mftu— vm^zm^ x 

[0006] -T&i?*>. 4fcik&mX'$>& I nGa As P 
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P »AAS«&»^t=t^ 13 1 0 fc^SftiaWE «fc 9 fe 

X^&. Lrtr**oT, fflxtf, 6 0 0*Cc7)ttS±fc*€. 
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tl&%$>%^Zbl,Z*j:&, 
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cvd {^m^m,^m^)mmi,zj:->x^-r&m^. 

f&Mmmi 6 0 0 *C~ 6 7 0 •CgK"Cf?*>*r.S . £ ft 
14, P7C^cr)||^JE*^<TffiiliL^^^^, J&Hi& 
SSriS<T#^:^ii:^J:&. L^'ot, 6 0 0*0— 
6 7 O-C^tV-^UftigJ: 9 tflffl^fflffciT) I nGa 
AsP ob-tZk. XVS-fJUftMZm 

Z. LX <ir*Sa a 8 A^*-e# =Sr VVI fc fc*t* . 
fc, 6 0 0°C— 6 7 0*CO**«BflrC**«-frTflB6te 
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[00 09] ilOfcli. J. Electron. Mater., 3, 
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[00 10] lit, InGaAsP#FJl£3r 

-?-<0*g£\ InGaAsP#FM(=©#£*l.£Eg 
14. S10^JS(a)t^§a^l.5 5eV~1.6 0e 

Kti&ikZnhx e J-Ytvim.<r>t§mx'*> h 

5 0 0"O— 6 0 0*Ct4, T«L GaAsK^t^&SLSA^O 

■fi£f#Srt:#>k:t4, Ell Ofcr&ivc, fB*fi(a)<o4'Tfc 
•jU try— ^naigcotiif- 5 0 0X>- 6 0 CCi •? t, 

aja^-Ts^ra*. »t=, fHB<a)4i£&tvr % & 

<7)5&****:£ < Sirvt < h 0 . 2 5 %MJL<7)&mm.b =Sr 

ss^Tti. xey-^;^M-rs»ag^©rt> 6 5 
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imitfifmLx ob-r &wmi ^mt^u—^m^izm 



V>T<4, 01J£(filftfflftmAT-^S-rS InGaAs#F 
MlZfflLXJCWP.J.b. Thijs, Proc.l3th IEEE Int.Se 
mi conductor Laser Conf . .Takamatsu Japan, p2(Sept. 

i992)j^s>6. znjLWtizseMZtix^&mmbmmm 
%L®mbcom<&zmi nz^-r. ztuzat^ 
&Zix&mm.<7Mti<r>i§&is i . 5%m£X'&t>fflmm 

atMEAHFji^TV**. -e-LT. 3l3gMO*§-£-fc:{40% 

— i %i4^-c*iMo^JiUiKra««g[«iS#s< 
mmzn&tztuzte. m&-i 
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3ltf5#FJf &qrr&¥^f*:l — 1f^SrjSA7 8 OnmT 
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#F« tr sa^#FvStt«i* !:J2MHI):,S 
2#*M^ 7 y H®*^lB<^^$iTJt3%^ft^0 . 7 
6 Mm J: 0^:^ <I-?0. 8^mj: •? /h$ V i^f^tis U — if 
S^CfcViT. _hK#FMSr I nGaAs,., Pj"C^fi£"?" 

b U-hieGaAsS^OlS^^St?r a (GaAs) b Ltz^ 
&lz. &.T<Ofm>&iit£i-& Z b *mmb LX^Z. 
x<0. 5 5 

{a(well)-a(GaAs))/a(GaAs)X 1 00<1 .0 
(%) 

[0015] JJBItlftfcimX. I nGaAs,., P t #F 

mcDGeLAsmm.izft't 1 % ± o 

^r 1 ?. to, VJgTC^cft^^SP^ffl^^O. 5 5 J: 

f I nGaAs P $rfig^§-^S cOfc-Hr^raKte 

£ TTifh Z b A^rtgtc^r 0 . iUffilftttfff <^fL& . § 
4>^. JJEWFJi^AI^U-te^riiktioT, S 
S ; F#F?S14«^O^t* i l»iJi$rxa. 2e>lz, ±IE# 
FJl^^ 1 %«t 0 1 /r-3 v^ffi^^-c-ft a/ia6lc, ^ffl 

[00 16] -f^rip*.. affi^^tJ^-Ct^U-TA 
•«aiMW-6ifc*n»rfiWr. BM«BS<0«V^ 7 8 0 nm« 
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[ o o 1 7 3 . i $mmxi±. ±&m i co&mco* 

fa r{ a (well)-a(GaAs)}/a(GaAs)X 1 0 0j<7>« 

ii, 0.2 5%i'5t^:#<=5roTV>&. 

cools} . ±ie#F®coffasM 

0.2 5%i9*i<^tni,. Vtztf^x. 

£>rl£. 

[ooi934^. immmx'\$. ±sm 1 <r>wn<?>* 

<=St-pTV>S. 

[00203 rwlWfCJiWf, ±IB#F^OPm 

*<0. 5 0 <k 0 fc/hS^fci&K, I nGaAsPfigJlB^CtJ 

(tax e y-/Mi«M*> - § ^tcwsfj^a^. . Lfc 
[oo2i] i wfcwctt* ±mm 1 cvwncvt 

— <r*Ffc*i V *T . ±le#F*tOMfi{i 0.5% 

[0022] £«50t«fc JriUT . _tJB#Fif W^S** 
0. 5%iOt'hSV^ft, InGaAsP^*B$tCj3ftS 

xey-^Vkfr^^^^ffPid^ixs. Lata*-? 

[ o o 2 3 3 tiz : i satwcji. ±Mzm 1 cdwrco* 
mw.\s-jfm^zte^x . ±iesfi^#F?f§ttfs^{4P^ 

[00243 ClcoflSfcfflfc.fcixfcr. _Lf5^S^#F*S14 

*VCV»*. L1z#iX, JilB#FilCOff^S^**-rS 
JS;>3*>miS:rrt. ±fS#F®^^^*l»*:^-S. 

[00253 ztz. lm&mx'it. ±Emi0>9tm<w 
[00263 ztomsmizxitn. jje#F*<oJww* 

> <ir&^*^#Filffift^fc|SfilJI§l 

±ib#fji - nmmf&<7>&m<r>im.mz%:$. 

[00273 S2«». ±ieiS 1 <?>mP¥i<r>* 



mw\s-*fn=t* . ftXMmtLxm^tzztzimb 

LX^h. 

[00283 ±immz£1xtf. C D/M Dffl<0ft-f -f 

ifiiX, ft?-<A7<7>l5\$mZt&&J:' r )l>nsmzl,Xi> 
•T-fWrnX-mZfiKiSmt**) . ^CCD - R(CDrec 
ordable),CD - RW(C D rewritable) ^^OS^ji;* 

[0 0 29 3 

[0030]<®1 H5fi<O?gll>0 1 tt. *£ttP»BJB 

(&mte\,— rm?\,z&tthmtfL*7Ktmmmx'ib& . 

0.25%iOt^< 1.0%J:Ot/h§^ffi8I^S:M 
•TS I nGaAsP^FS^fi^F^ttffi&S: 

jgifcK#o . 7 8 uwm<vm*u-vmrtzm-*. 

[003 1 3 01 Iz^-T J: o fc. :$9tft0JBJII&feft& 
TSe^tt. n - GaAs^l l±lZ. n - G 
aAsA-y 7 rJf (/f/?0. 5^m) 1 2 , n - Al 0 . 5 Ga 0 .5 
AsTSff?9>yFJf0fi?1.7;um)13. i -Al 0 . 3 Ga 
o, 7 As(JU^4 Onm) i; i - Al 0 . 2 GaQ. 8 As 5 nm) 
k WJ®t=«JBS*tfc 2 Jl*^J««.Ta53t^-f Ym 1 4 , 
^*S^#F?S'I±® (^SiSC^O . 7 8 5 jum) 1 5 . i - 
Al 0 , 2 Ga 0 . 8 As(Jli?5nm) t i - Al 0 . 3 Ga 0 , 7 As(I 
J?4 Onm) kCO)II^®Jl$tL^2il*^^S_tgB3t>y'f 
K116. p - Al 0 . B Ga 0 . 5 As±gpmi^5-y 
Jg0.2^m)17, p-GaAsl7f>-/Xt-y7'l(l 
H3niD)18, P - Al 0 . 6 Ga 0 . 6 As±gP|g2^9>y KJ1 
(If 1.2/im)19, p - GaAsay^? hJf(^J?0. 
7>um)2 0*<, icOJII^TGaAsS^l lfiO*^®Jl$ 

rjf 1 8£0ELh(=. AlGaAsiiSP^2 ^77^119 
tiJ;t/GaAs3>^7 bS2 Ot^'Jy^h^-^r 

^§* < *«;2>um-cj)0. mtf^-v^-yrz.h -vzrm l 8 

[ 0 0 3 2 3 $ hiz^ JLteU -y h 7>f r« JttTJMfflS 
lzi±, ZnmmZMfrjLtJtXolZ. n - Al 0 . 7 Ga 0 . 3 A 
s|glffli6ji^(®110. 6/im) 2 1 , n - GaAsSS2 
mDb^mimmO . 6 jum> 2 2 . p - GaAsfdSJ®^ 
X.® {mm 0.7jub)23 $ *U ±t-hffi U >y iSX 
h 7 7lSJt^iaT^^^S8g^*S£ri.S <£ ? ^«cS!K^ 

5tfcJ:l/|gl~^3Si»^2 : ^Ji2 l~23i«0^®^, 
P - GaAs^f-fr ■y7"m(mf$-2vm) 2 4 T&^S^ixT V> 
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[00333 ;CT, _Lfe£fifi^#F*S'ftffiisB 1 5 
ti. 2/fOO. 6 5%Sfii^COIn 0 .3 4 Ga 0 . 66 As 0 . 49 P 
o.si#FJfUf«7. 5nm) t 3®<0- 1 . 2%3I3»S<0 I 
n 0 . o5Ga 0 .9 5 As 0 . 66 Po. » 4 PiS^(S«®l*^SI 1 ,35 
3JMBOTj!Jf:7. 5nm,|^2aB<0Jlil7nm)i:Sr. 3cj5 

[ 0 0 3 4 ] JiKJfjS;?) 0 . 6 5 %£BI?® I nGa As P# 

^5 .1 t tC-^-S . H 2 (a) lZ7frt A -5 fc . n - 

Ml lit. n-/<v7Tll2. n-TS?7»H 
113. T»##-f 14. 3 JfOT&SMJf #<fct*2Ji 
0#F»*^fcK*LTl*4^M^#FiSiaHl« 1 
5. _La8fctf-f Kill 6. p -_t«Mll 777K11 

7. p •x.yfy^^7ril8, p -_hgps&2?5 

•yh'«l 9. p - n^^h 20£. MOCVDt«fc-> 
X±j£<?)M<ZX-mMZit&. ft. £-SS^#F««:*Ii£ 
1 5jgffl£j&ftt-£>gS<D5?B3WflJKJi6 7 0*CT-$>£. 
£&t. p - ay?7h20±.iziH?&V vi;Ah ; 7'< 

[00 35] ifct. m2 (b) lZ7rct£ o lc. JilBP^ 

2omx/p - ±mm2^^-yvmi9co^r/^-yh 

«t/AV><iWT*!j 2 . 5 A£m<^ U •/ iS* h ^JTffi&Zm 

*m*tnm.ar>mm&W7vWtzm^T. 2 ante 

#«"Tp -XyfV/Xh'yril SCDiMST^fo. 
[0 0 36] act. i2(c)t^tiat. IfJSMOC 
VDSCJi^t. ±ie'J 7^h5>f r^JtcOMfflHt'J 

•y y^b5-< nfawBoiHt «»atr <t at. n il 

Sl^S^Jf 2 1 . 11-^2^*62^^2 2. P-H31 

Xh7^7lfjtc0Jifflti,#Si6a,^J12 1,22.23 

j££;fc.&. &t. p -^3SJ6S S A«2 3±t,ztelf&± 
fefl^2-|^< ffligSrgd £ 3 tP->'x h^-*;? (0^ 

i*r> ±§zavtucr>m i-®3i 

i6S.^2 1—2 30^^x.yf-^fc:J;oTJll<X^* 
LT. p - zi>??h2 0co±W$:miiiZitZ>. Z<F> 
f£. iia^^Xh^^Sr^L. StfMOCVDffit 
i-5-Tp -^^ yr®24S-^®tSJl$^i.. 

[00 37] mk. m^LTtt^&^fiK S«l 1<0£I 
ffitnfflJ®fiESr7£j«U- P - ^77*124^1tp 
{Bimfii?r^fiW-l». «Lft»=. iSJSco^xyvru-t 
X^Ittiot. *JS§I^8 0 0 ^m^*!^^ 
U -y ^'M^frU— *m=?tf&&2tl& . 

[0 0 3 8] InGaAsPSr0.7 8Atm^C0^«£U- 



1fS^M«T#Filt3lffl-t&^. mi 0<75XfcV 

[0039] 1 ) Efitsrm. sfi*<*# < ^an. as 

MT&&^t*tLTEg#*£ <=&:.&. fflU 
^t^Tti. InGaPtKLTti^fJ.Appl.Phys., 
54 . 4 , P2052 (1983) j IzMM \->iff—9 SntH 

La»L=5ra<£. InGaAsPtKLT{±aW8t$h. 
Tli^&W C60Eg^)^ttJ:oT. laibtiiftS 
GaAst*H-&Si*<0%£a*>-$- 
emfcc0£j££*5tt;:LT. MS0%Oii*^ffi^Mffl!lt 
SiftS HzU oT J: 0 *^ti£v^«# iztc oT4t< .1 t # 
mfcZtLZ. Ut**-?T. I10^«tSHS(a)tf 
7 8 0wX-?m-thm.mcr>o ^. ffifiSMlfflcoMtS 

[0040] 2) 01 Ot^LJt InGaAsPcOEgOx 
- ?ii 2 0 ^^LhStrt^^iX/t W £> 0 . fc' d £ f 

%\>*. 

[0041 ] 3) Hi ooxty-f/«a. ixmffi 
#FJlfi0 J: d ^JiO*^t« . TtfilcoJl b cot&TS^- 

J^rtJi. M?rl*lS-rSttJ6l^>TGaAsS«^)*S^ffi 
Wt^F^r^-RRox try -r;^ma^Sr J^ojg^T 

[0042] Zixk\imixi>^Mm^— timmzZ: 

tflBffSnTV^7 8 OnriTC«iW*ffittfiW#FJi 
J:»5PifflJi!c^^=5:<iS^t-r&ittj:^T^T 

[0043]^uf. 121 OtfelWiifa^o^ 
^S(l!lco^-CJ)-5T. P«a^^=5rv^J^ti3V^ 
T. InGaAsP#Frm<?>mf$.Zm*Wt$lLX!m#U 

s*. *mffi<7mmizm?& 0.65 %ff^s^> 1 n 0 . 34 

Gao. 66 Aso. 49 Po. 5l #Fil<73rfc<. ffiSS^>fi$- 1 
%J:0'h$< L. fio. PfflfigSrO. 5 5 J:0^$<-r 
SifctAoT. ^ai^Tm!Ktt^lSV^^«c^— fig 
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[0044] zixii, ±ie3>oa*J:oT. Essmm. 

ifi I nGaAsP?:^$-ti-ScOC+^mKC*T'T* { 
o^J:, *LX, ±Sl)a^2)«liCJ:oT. 7 
8 0 nw?)%iMtf%h1Xh Egfr'E 1 0 l^^tltzEs<7M 

-Lie^(a)Sr»fig-rS1.5 5eV, 1 . 6 0eV<?)Eg$| 

< . *HSfe<7>je3gfc*i V ^Xti . m 3 C^-T®t^( a ) ICS 

PnmmfiQ. 5 5 J: O^SV^tSr^^fflfC 
ftSL 123 Jt®WJt^t. «e3fc#.i£>flTV> 

[0045] ssisas-o. 5 <-rs 

ii:. £>L<ti. Pfflj«:S:O.5O«J:0''hS<-rSii: 
[0 04 6] ±j&^J:3£ffij$£*-r.i> InGa 

aspe«is»^#f^«six— rm^iz&^xu. -e 

b . 04 C^ct 3 fc. #F«^fi2r 0.25 %<BE 
i81SS< 1 . 0%k Ltz b # . ^ffimnS* 1 ^^^ i 

%<ff«SMfi< o . 8%t Ltz^iz. ^z^mmmx 
izi s mmmm^miummK %h<r>x-i> h . 
[0047] ixrcom&co&B<¥<zi$^xm\'*& 

'MAibli. GaAsS&c0tST5g$t£a<GaAs) i;U 

(a(X)-a(GaAs)>/a(GaAs)x 1 0 0(%)T 

femtz. 124 WF^^'MMo^oBafii 
?gjKjoittc:j:-5T. mmMzx^mmm^m^^t 

£^L*:i>OT'&&. ft, 04^-r*SS«4. Hi 1(= 

^u^aitffl^^-r'^i-rs inGaAs^F®^* 
u~if -s. ^msE^s^^mi: mm lx v %s 

[0048] ±3*<0<t 3 tC, 2t^afi^®tcfcV>T(±. 
il«Sr < i: i> #F1 5: A 1 y V —CO I nGa As P X-ffim. LT 
vStt^W^bSrR&Ct^tc. #F«c7)Pffl^Sria3fc 
fettSE^I^l%mT<O^(a)rtfctJV.T0. 5 5 J: 
0 M^l->0. 5 1 fc-TSihtCioT. InGaAsPS: 
MOC VDSfC <fc -jT^3-*a^C^.tfy-^k»- 
fi?#f&£L3r^J:d£L-0^. #wm<r>&Z 1 
%J: •)t./hS<fi-c>0. 2 5%±H^V^0.65%t 

1 0 0mWfeU:fc^5S^ftm*T'i^LT*B$ 
n» f£ £ -£ a vl i: *^T^&^ 0 . 7 8 ,u mftftr 4 * 9 



[0049] zhiz. *mmcoi&mizi5\ix\*. 
mftcommmiz- 1 . 2%^\^mimx-thz\b i= i 

it. ±fevStt^WT'#F^coa^SCJ:SJEE^?-ffl 
FiiOJS^-fb^iOSK^O. grJUfcLT, 
[0050] fc <I 4^ffcL—- ?m?b LX&<r>A 

-?tzm*m^&*&&tzi^ fofommzmK-tztBty 

<r>foMzj:^X1£&£ltW%£L-th. *co*§,&#-fc**?& 
{CMatthewcoai&(Thin Solid Films,26,l.PP.129~134 

{vyt5))i,z£&mnifi£<m^L>ixx^h. ^c:t. * 
mmnrnmcozdiz. mmmt l zi>m$:mxLti£d%:2 
mmi-com^^MMcom^m^iy^tLtzm^iz^ 
•%&m®ft<r)&mm«n&%-wm*£i?x'i±%<. 
m^^^^MMzn^-^^-mM^z^^x 

[OO51]^0. ±fe#F*(«^m)fc|^iUl(« 
Sin) £<3D4S-Jf JSSrDwm, Dbnfc SfiSrAAwm, AAb 
nil L?t^-nC A = 2(AAwmXDwm+ AAbnXDbn)/ 

£(Dwm+Dbn)$vjN£<-f £>£<®#&.2.. *§ISgC0^® 
O^-tte^Tii:, fi^#FvS14^(^»)Sfi : -0. 

45%) comimmmmtf 5 8 nmT*> & l , 1^ 

lig^tJttS »TF#FvStt«i^<0*SK»ii 3 7 nm-T$> 0 . 
#£WzVX\,^h. 

[0052] tz\*>x\ -*gm<r>wmi.z&^x\i., mm. 
miz-i.2%b^oit$iw*:z*3\mm£mALx^ 
hif. c\ix^mmmfccmm*B&ib^rzi><7>x']b&. 
»^o . 7 8 u^m^wp^m^-^^nrnmb 

L.-CfflV>*ik^-»rtg^rffl^£0InGaAsPM^fl(4. 

*mm<o&m<7>£ o izmwMiz^^mm^x-rh 

ZbtzX^X, #FJ8<^VO K=Jf -v y ro:^.;U^*-Eg 
WiKilO^VH^ •yy'3L*/l'*r-Eg(.b) b<n 
lAEg=(Eg(b)-E«(w))^<tSit#T^ 
LT. ±IE#FJB*^<0^^Ur<O^-w?- 

[ 0 0 5 3 ] ft. J&memtBtlzts^Xii.* JifB^fia 
^#FvSttlS^ 1 2S5aco^ia^^ 6 7 O^Ck L, 

-ftLTV%S. -5-£0^W>C Z.VS-y/UttM<?>$\i&lt,z1m 

tx. p<nmmm<iz£&miyr>mLi*%<. ^tti^x-s 
oiz. MT<,z&<m2mm<vmm~~m4:mf&<omB<?>* 
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C 0 0 5 4 ] <Jfi 2 SOfcO^® >H 5 fi , #HS£c^!S 

n - GaAs^&3 1 _tC s n - GaAs^<7 7T 
ZiOlJSO. 5jub)32, n - Al 0>4 Ga 0 . 6 AsTS5Sgl 
?7-y h'JSOBff 1 • 5;um)3 3a, n - Al 0 . 6 Ga,,, 6 As 
7 yFmimmi. 5 um) 3 3b. i - Al 0 . 35 
Ga 0 . 65 AsTSP^^-f H®<««3 Onm) 3 4 , 
#FvSttffl^(^S^*0.78//m)3 5, i-Al,. 8 , 
Ga 0 . ss As±g?5t^-f HJKJIV3 Onm) 3 6, p - Al 
0 . 5 Ga„. s As_tg|5S&l h'Jf (JfJPO . 2v*> 3 7 , 

P - GaAsX..yf->-^XK'/7*Jg (JlJ13nm) 38, p 
- Alo. 5 Ga () . 5 As±a5m2^7-y KJH(JSff 1 - 2 /xm) 
3 9, P - GaAs^y^/" MdSO. 7wni)4 OA*. 
;<7)]:IT-n - GaAsS«[3 1 Wj5>£>«JS ^fVC^fKSit 
TV^S. p-GaAsIyfXh77i38^1 
±IC S AlGaAs_hSPS2^^y FJf3 9 tJ itfGaAs 
^9 9 h«4 0 TfigS y y i^'X h 7--f r«jt^fi£$ 
fLTV%2.. i<7)y -y^Xh^-f r^fjtti. U$*^2xe 
mT£> 0 > 'yfy/XN y 7*Jg 3 8fch<y)St £ 

V>©B>TT-S!<7 2^inT'S>«.. 

[0 0 55] S^fcl. _hiey 7i''Xh7'f7lS«iI 
fc{±, -eoffl!MSrffi*WitfJ: o^n - Alo. 7 Ga 0 . 3 As 
JgliIft&;Wi(JII? 0.6^)4 1 , n-GaAsS2« 
&nL?t.m<MWO . 6>um)4 2, p - GaAs^3Sa^-« 
( «U 0 . 7 >u m) 4 3 a*?IJl § it . ifeJiE 0 * b 5 
<f r«Jft<01TT r fc<0»«8* f 8iat4 J: 3 3rmS[*Sig«3t 
*«*LTV^i. S^tc, ±ie»J y^h5^r«Jt*J 
£tfgll~S3«it>i&*S4 1—4 3±<9±®tC, P - 
GaAs*-v y r« UW 2 jitm) 4 4 ^BSJlt . 

[0056] iit. iJE^Si^#F*Stt«isS3 5 
it. 21^)0. 3 5%ffifflScOIno.27Gao.73Aso.s6P 
o.45#FJl(«J?8nm)i:\ 3«0- 1 . 4 5%3I3SM<0 

Ino.osGao.g^So.,! P 0 . 59 P§M*(S8lfll;&>4>^ 1 , 

m3!§Bcr>mmi onm.§i2jf sc^ussnm) . sss 

■cv^a. ft. ^ma^-#F*Sf4M$3 5 cojgia£jijyi-$- 

[0057] ^mm<mm^zinfh^mw-^—^m=F 
it. ±ismimmcr>mmizfnft^m{^u— rm^a, 

■Stmmz. #FJU3ia<o/l£Al7y-c9/f i: U JL 

l^(a)|*HC*JV>T0. 5 OiOM^^0.45tLTU 

yiVftMttmL-? &Zblt%\,\ £fz. #FScoSJI?r 
l%J:')t'h$<l'?0.25%J:Ot.^:l^0.3 5% 

t mjE^mizmz. LTHmstats?** a 0 . $ ^> t=« 



[0058] &tz. jtmsttoBmizis^xit. mz±Mi 

#Fm<7>mffi£M.$: .0.5 X£IT£K£ LttKb iz . 

iDk$&CT#*-?TV->&i:fiB££it.£>. L*:**-?t. 
#FJl*5J:t/K^M5-^$-<i-S^t'- P<7>SIBiSrjra 

tV-^^{cJ;^#Fe^ao®fb(i^:<. ±isifs 

[0059]^, *ntkn&m<?)*mm — f^icfc 
nhft&m&vwmm&ii xtmmmit. ^-0.7 

5%&Z.VA lnnrC&S. <T.<0 J: o lz. |§SiJ54 1 nm 
it. stnZtl&m!-mm3 lnmj: <&oTti 

MCOJ: 0 =5rGaAsS*g±<D I nGaAsP^W^T-«OSffl 

^ii, HIS^iMaUhewcoaiii^mv^fc^ii^Sit 
fit. S^W^IftSrfi^^SS^s Matthew<oaf& 

fci6BWHiw<oi. 5fg*jST^jmrs,it{f; 
ti. *rnmcrmmco*mfti'-^mwi / zt3tf&i&imM 

<r>mm.m4 l nmJi. ES^Ki? 3 1 nm£0 1 . 5teTfc S 4 
6.5nmJ:>9t»^S^. Uitf-oT. ig^-fk«±%^-lir 

[0060] <m3^5fi£O7B®>06{i. 2t£^S6c0JBffi 

meiztfctzioiz, &mm*>]&mzi3ifz>¥mfai'-y ! 

mMit. n - GaAs»K5 l±iZ, n - GaAsA*.y7T 
S01J5O. 5//m) 5 2, n - Al 0 . 4 Ga 0 . 6 AsTSP^ 1 
?7-y HJi(ilJ?l . 3^m) 5 3a, n - Al 0 . ;>Ga 0 . 5 As 

T%m2?7-yvm<.mM.i.ouw)5 3b, i -ai 0 . 3B 

Ga 0 . 65 As(ilJ13 Onm)£; i - Al 0 . 25 Ga 0 . 75 AsUSS- 
3nm)b<r>m<-Z2mfrt>&2>T&y£tf-4 K154, £M 
a^#FvStt^(%®&^0- 7 8//m) 5 5. i - Al 
o. 26 Gao.76As(Jlff3nm)i: i - Al 0 . 36 Ga 0 . 65 As(^ 
/P3 0nm) t<7)]lllC2^*^fi£.£»±gi53fc«''f Fil5 6, 
P - Alo.sGao.sAsJtSBJ&l^-y KiKJfffO. 2^t 
m)57, P - GaAs^-y^V^Xb-y^'Jl UfiP3ni])) 5 
8, p - Alo. s Gao. 5 As±gPSg2^'7-y HJS(«JtPl. 
2/im)59, p - GaAs3>-^^ hiKJlffl . 0xtm)6 
0#>\ ieDHSTn - GaAsS^5 lffifl*^S[il$*tr V> 
l>. -fLT. p - GaAso:-y?->-?'XW:rjf 5 8ft_h 
13. AlGaAs±SP^2iy5 y Hif 5 9 fc it^GaAs^ 
^?M60T^iJ'y^h7'f ^fSjt*<^B£$ ftT 

v->&. cieoy v>jxh^4~rmmt. ^$*«2.2>umT 

RfrTi&2. 5ahdTJ)S. 
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[0061] zt,iz. ±teu /i;Ah^47ffi&izi5v- 

[0062] ZZT. Jbfe^M^#F*Stt^i§55 5 
14, 2IO0. 2 8%ff^S«5OIn 0 . 25 Ga 0 . 78 As 0 . 57 P 

0 . 45#FSOWP1 lnm) 3««0- 1. 2%?mm<7) 

Ga as 0 . ss p o . 3 4 kmjs (s^fflfl* 1 L>mi,m3mscom 
m7nm.m2mscr>mm6na) tz. ztKizmm lx (o 

6 5 o *Cfc:l£S£ L T v . 
[0063] 2|s||Sfi^^tci5«tS^«sU-ifS^ 

it. ±.M?Mimm<mm&£v : m2mi&<vmmizt}if& 

17U— c0J9b U InGaAsP#Fa^PfflfiKS- 

sals i xvrfcommia ) n Kfcv %t o . 5 0 «t 0 

£^0.4 3fcLTV>.S><?rC\ MOGVDS?CJ:^>-C 
®JiSc-3- & HHC* t y -:J0kfrg?#9&4rt & i t t43r V 

_hfe#FJf <9S»£ 1 %J: 0 t/h$<flo0 . 2 
5%i >3 t^c^V^O. 2 8%fcjSIE^rffltct^LTrafll 

1. c7)T. ^^0.7 8xtinT1!lt^S^^-^. 33g 

[0 0 64 3 *^l!iS^^®t:*3V>T:{4. WtC-LIS 

#F«<^S£'h2&5*offiBiStc|^^&£:^;: > _L 
tB#FJl<0Jf «3r 1 lnmfcJt!|8WJ?tf>k:f£?gL-tUS. 
UitfoT. ffi^SO#Fat?l5gSco»M^k^fe(t 

[0065]^ 3|c^6fico^^^^b— fmWlzti 
14, ^* + 0.2 8%,-1.2%*$J:t/-0.4 2%T<& 
JBUSJ4. ^6 3nmijJ;t>'4 2nmT'ft-S». 0 
KR( 0 . 2 5 %) lz& mX'$>& 0.2 8%i:U;cO(i, X 

^m^u-^miza^xit. Mm^mommzmm 
mco®m<r>i.5fe&±izm<-tz>ztizj:^x, mm 
&nmm4 2nmizMLxm^mmmmmt: e 3™tm 
i . 5 &cr>mt,z-r h Z. t & COT'S) a . 

[0066] JJLb. *^«»BfcOi|s*flEl<'-irJIWC 
JSWHi. InGaAsP#F/f<7>Piffij£«40. 5 0 J: 9t 
'h$ < , -Lia#FJf <0Mfiti 1 %<fc •? i>'h$ < JLo 0 . 
2 5%i9i.:*£^fcv>dlfe#£?1SfcL-^ <£jES8M 



mzj: &m->imm t -kiesg 1 . 2gisgojm<7)*§-£-fc 

±ffi#FJf£OJIi?£JS< L^^tlcioT, mz 

#fb - KSJi^^M«o^i(Stt36™*it< -€-^\*>- vmm 

m#%MHz*Z:±<9tflkttimi!tX'$>-?XL. ±IB#F« 

=sro. mftfficom.m.&mtiz&m't&imcomitzffiK' 

z\tti<x~£&. ft. zzx-ft'<J;i$l)gkZ%&t:#><£i,i. 

[0 06 7] <m4$m.coms>m7\±. j&mnnm 
co^fcu-^Ti,z&if&ffim.zm-tmwmT$>z. 
m7 i o iz. *mm<mmiz&v&*m#i'—*f 

^g<±, n - GaAs3£<g7 l±tC» n - GaAsA* 7 7r 
m<M&0. 5um)7 2 , n - Al„. s Ga 0 . 6 AsTM? 5 
•/Hl(iJll.7jUtt)7 3, i - In 0 . 49 Gao. 5iPTI» 
=3&S4 YMiMW-A Onm) 7 4 , flt^#F?Sttf)i 
(I%ffi*ft0.7 7 5>um)7 5. i - I n 0 . 49 Ga 0 . B1 P± 

KJl(jl^4 0nm)7 6. p - Al 0 . 5 Ga 0 . 5 As 
±ggffSl:7 7>yK/f<Jil?1.4 4;uin)77, p - GaAs 
«Mlii(@/13nm)7 8*^ ZcoMXTn - GaAs^«7 1 

£>„ ^O^^h^^T^fJSti, «3* J *i;3^mT'S> 
•5. m&&i*fo^ffiyiX'$}2umX'$>&. *LX. *co 
MTffii. n - Al 0 . 5 Ga 0 . 5 AsTS?i5'7-yHJ17 3£O 

[0068] ? htiZ. ±liX1fX b5-f nfjtCOMWtC 
(S, -fcolBlS^Si^iXtrJra^p - Al 0 . 5 Ga„, 5 As|g 
l^a^SCJilf 1 . 5^m)79 , n - Al 0 . 6 Ga 0 . 6 A 
s^2 S^a^-Jl (Jiff 1 . 5 ,um) 8 0 . p - GaAsgl 3 

whx-mmw-o .ium)si tmm^ti. in-hie^-f 
(mmmtb&x-^T-KiMffiffiZBmLx),^. 

ngJt*3 J: t/^ 1 3 ita^a^® 7 
9— 8 lJL^KlC. p - Alo. 5 Gao. 5 AsJigl5m2^ 
?7 HS(ilill - 0/zm)8 2, P - GaAsdf-^ /T® 

2 //m) 8 3 ?&q*/i$*lT<^S . 
[0069]iiT, ±IB#«ai i #F?SttffilS7 5 
(i. 21W0.4 6%ffi^^cOIn 0 . 28 Gao.72As 0 . 56 P 
0 .44#F/l(JlJ53.5nm) 3M<r>- 1 %^l3gMO I 

n 0 . 35 Ga 0 . 66 P|$M®<S*gO{H*^Sfll .IS3JlBc0ilJ5 
6nm,^2ilB£0®Jp5nm)i:5r, 3tSt=®OtT(oi 
0. i$^T#FS£i5U,-C>«j££ft-C^&. i^4, ^ 
aft^Fatt^iS? 5^$Ili-0. 5 7%T-& 
^fifi^#F^S1±®lS7 5^^J5t42 4nm 

x-h*). &#mmmm4 4niaaTX'h&. 

[0070] 2|£|ISfi<7)^SStCfe«tS^«s^— ^m=f- 

it. ±Mmimmcomm—m3mmcommizni,f&^m 
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ffimi%&CFcoMM(a.)\*Hzii^XO. 50«fc 9i'N* 
U0.44i LTV^cOT', MOCVDSfO:^ 

_tfE#FJf ^M4§: 1 % J: 9 t»/h?<1^0. 2 5 
%J: 0 fc*#V%0 .4 6%fcjffiE3:ftfc:|&5gLTE«m 

COT, %«?S*0 . 7 8 jKmT»f*&-£fc*ate. 

[ o o 7 1 1 jjuis ±ssm i mm^mm-m^m&crm 
?&mfti. znmHnmwb-r&bzzii^ jtia#F 

SSrlnGaAsPiiLTAl^y— ffcU -5-^Pffi 
l££x LSrv^i: 5 Icffi^M 1 %Jil. 

TomMtiamizti^XQ . 5 5 J: 9'h3< U S'o 

-?-cOffi«Srl%J:Oi»/h$<Jaoo.2 5%j:Ot. 

< j^S-ffc: LT mmsaffiM&BI 0 . %>i^z£ -oX 

blz£-oX. 10 0BWJ,XtfcV*diSv^5£B?J"C&£Jg 

mmeommmi. mm, mm. it^f^ti^M 

[00723 <m5HSfiO0JB>*5ISfe<^ffi«. JJB 
4MWt<0»JBte*J ft « U—rMI * Jflv lfcftT* -f 

x^siacRi-r s. matt. *gm<mmtztnt&ft7 ! 
-i^rgmnm&mx'ibh. zmterfiwemt* * 

x-f X?9 llCx— *£8£&/Ot*9. 3Kf-fX?91 

*>— otefc»tS¥«ffrl'-1f3R J ?-9 2*«;t.Tif*t. 
[00733 felT. *3tex-r X?3£a^8lfiJi:fcJ:l*ll># 
COHTHW*. #3tx-fX?§ilH{i. WZSLX-COfg 

T«Jt«il"C*r^X^9 1 tJIWrt-ft. i3UT. f 
-^«*WM»*ifcU— ' 3fcx-rx?9 

[0074] -^ ifs^aj L^sgtcti, -tie^fr^- 

x"3t^9 2A>^mS*$:hJtx-:?fI^#fi^§*vCvv£ 
ftx-f X?9 lSrMlff-2.. -5-LT. x-^^fe^S^x 

fc3tr <* x? 9 1 commx-RM^tuzv—^mt. v— 

if ftjSWMBSttlU VX 9 6 itf A/4 rnXM. 9 5 £f£ 



oTm5teS*U •fi^aifflS3^ J P9 8tcAlt$nS. 
*LT, £3LT«^&ffifflg#i??x9 8|*n:\ AWL 
^l/-Hf^^t:JEBtT*r -f X? 9 1 £>&Bt»ttl3 

9 9 1 i -5T7C^-tt?gfi-t^S^ $ h. * (OX'$> h , 
[00753 *Hiffe£0}g®C*jttS5t7 r 'f Xi?^^*5 

}£x-<x?9 l<^[3!iE£fc£t&fci9k^!<fliLT*>. x 

mzCD - R. CD - RW^\coS#jZ^^p^ 
Ii5r^tv«t*f^ X^^T^-bX^-lrlSS^ffi 
<-t&ZktfX'%. iO^^S^Srl^L^x-fX 

^as-iift-rs c: t fit*smz%&e>x'$>& . 

[ 0 0 7 6 3 ft, 43Ktt4))Bfiftfc:i*VvCU:, ±IB#^ 

xtmmizmmLtimiz^xmwLfii. l^l^* 1 

Jtx 4 x ^ fe^S^^x -f x ? Si^atc: t Sffl^Itl 
X'$> h Z t Hm o ± X' *> V \ 
[00773 

5MB***«0 . 7 8^m#<7)^#:U-if^a<±, #FS 
*• InGaAs,. 1[ P 1 T^«-r-g»t^Cx<0. 5 5i:^6 
£di,ZL. ±ie#F«^t&^^C Sr a (wel 1 ) t LGa As 
S«<7>*&^^SC?ra(GaAs)fcL^^t=. f{a(well) 
-a(GaAs))/a(GaAs)X 1 0 0< 1 . 0 j (Vfflffitf 
fifcfc-rs i o tz Ltz<OX\ ±ie I nGaAsP#F« Sr« 
ft |g(=X vs-yji-ttMoZ&iLZWJffl-i- & - -fc 
X'$Z. Ufc^oT. . WflHWttltiifc*^**. $ 
4>tc. ±ie#Fa&Al7'J-tt-C. Mfi^#FS14 

^. . § »= . Jif 2#Fil^^2r 1 % <t 9 1, /JnS V ->E$m 

[0 0 7 83 -ftcTb-h. ZcO^,mzXtH£. lOOmW 
— 2 0 0 mW k V ^ 3 i^ffi^B^lwiSV %T t> LT 
16#-r - b **"rig=5r , ^ffiWiOfSV % 7 8 0 nm^^ 

[00793 ttz. i mm?>#mki>'--r3m±* ± 

iaf{a(well)-a(GaAs))/a(GaAs)X 1 0 0(%) j 
X-miy^ixi,±MZnwm<omAi 0. 2 5%<k 9 1^:^ 

mizm.zbtfx-zz. Ltztf-?x , %m&m$nzTifx 
mum* $ ^ tcs«>5 - 1 & . 
[00803 ztz. i ja*«koiim»*v-irawi» ± 

lexO^lSrO. 5 Oi 9t/h§< L^COT. JJglnGa 
As P #F® O^ft^p^JoJt i. X bV - y/kM-PcO^fe 
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[ 0 0 8 1 3 llQfcW^Ngflcl — ^m^Fli. ± 

impmcom&z 0.5%^*) < Lfcw. ±ie 

InGaAsP #T r mom.g&f<£}3 it 4 X t S - ^/Hi-JS? 

[0082] 1 $m.m<7>*mm — ± 

fEMiT#FrSttfg«*\ 5l5iS* { #A?ii^WM«^ 

[ 0 0 8 3 3 * . 1 SB*«<0*»»P— Wimi. _t 
fe#Fil^iimSr 8nm i 0 1** < LfcWV. x*/Wf 

«i9ffi«k J: a izmm&m. 

*BH=JJE#FJi - Httmora«»MM£K:£* 0** 

mfcz mitth z. t am* 4 . 

[ 0 0 8 4 3 4* . JSS 2 tf5»Haiis -hfBSS 1 coftPftcVt 

SrfH ifc^S. #(CCD - R.CD - RW^-cO 
@ § & tPIJS t 3: o T V> Ttr -f X ? 7* ? -fe X 
mat, *RteJB<-*-4it#T*4. 

[mi 3 i^iHfl!>¥w*u-ir«Tte*j»t*«i*ft 

jjrr»rE0"C£>4. 

[■2 3 01 teiK-*-***!'— <0Mft*Jfe*w 
"tEir*4. 

[03 3 *ffl**i.4 7 8 0nBWRE«««(a)*SW 
0T'S>4. 

[04 3 #FJIEE«SS(=»^-«ima«S»iFK<09Sfl: 
[05 3 Hlfcl±JM:4¥**U-lF*PfcJ3M-*«l 



[06 3 HlfcJ:lfH5fctt»*4¥**l'--ir*T- 

[073 0 1. 05*^1/06 i:»*#S£4¥»flsU- 
■T^tc*J(t4«l««r5rrfflf®0-C*4. 

[083 c <oskb<o str -f x 9 mwvffl&m-ch * . 

[09 3 1&fccr>Aiy>j-fcZtitc*mteU-*r8iW 

[010] 8^**^fflV>A,ft-CV->4 InGaAsPCDX 

try— ^/PfttRi&^-r0Tft4. 

[0113 InGaAs#F«=BW*«*fc«««« 
®8 i: fiDB8«S:Srt0-C* 4 . 
[^tf>iK«H3 

11,3 1,5 1,7 1-GaAsSi, 

1 2, 3 2. 5 2, 7 2-GaAsA-y:7rJf. 

13.3 3, 5 3, 7 3-AlGaAsTa5^5-y HS. 
14,34, 5 4--AlGaAsTffltf£#4 KJf, 

1 5,35,55,7 #FS1£JH. 

1 6,3 6, 5 6 : -AlGaAs±gP^>f 

1 7,3 7, 5 7, 7 7-AlGaAs_ha5JSl KJf. 

1 8, 38,58-GaAsl7f^/Xb771, 

1 9, 3 9, 5 9, 8 2-AlGaAs_t.g|5§S2?7-y FJf. 

20.4 0,6 O-GaAsa^? HI. 

2 1,41,7 9 --AlGaAsmia*ba s ^®. 
2 2,4 2 — GaAs^2S«>2 6 *JI. 

2 3.4 3,8 1-GaAsm3a«>a^Ja, 
2 4,44,8 3— GaAs^Mr v^S, 

6 l-«»HK(SiNJR). 

7 4-- InGaPT^3t>y-f h'L 
7 6- -InGaPJiafcfoJf-f HS. 

7 8--GaAs«R)f . 

8 0—AlGaAs3fS2H#>j£,?Wf . 

9 l—Jtrr <X9. 

9 2-*»#W- 9*31^. 
93-3l»y— hV>-X % 
9 4-f-AXr'J >y^. 
9 5-A/4fll3fe*K, 

9 6- i^—^mmmmsv- >x . 

9 7 -MXffiNii' yX, 

9 8- {t#8?ajffl^3t^\ 
9 9-«^£B^ISI». 
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(72) SHU* Oj* m F?-jU<##> 5F073 AA04 Mil AA21 AA45 AA53 

^JS^SEmRf»lPEfi*BR2S22^ i/ AA74 BA05 CA13 CB02 DA05 

-r-rlfeft^ttrt _ DA23 EA23 EA24 EA28 



